A method is described for increasing the production of H2 from glucose or lactate by Selenomonas ruminantium by sequential transfers in media containing pregrown Methanobacterium ruminantium. The methanogen uses the H2 formed by the selenomonad to reduce C02 to CH4. Analysis of fermentation products from glucose showed that lactate was the major product formed from glucose by S. ruminantium alone. Several sequential transfers in the presence of the methanogen caused a marked decrease in lactate production, which was accompanied by an increase in acetate. When lactate was the fermentation substrate, S. ruminantium alone produced propionate, acetate, and C02. Addition to the pregrown methanogen in the sequential transfer procedure caused a significant decrease in the production of propionate and an increase in acetate formed from lactate. These results are interpreted in terms of the influence of H2 utilization by the methanogen on the production of H2 versus lactate or propionate from reduced pyridine nucleotides by S. ruminantium.
Selenomonas ruminantium plays an important role in the production of volatile fatty acids, particularly propionic acid, in the rumen (3, 9) . These bacteria ferment carbohydrates mainly to lactate, propionate, acetate, and CO2 (3, 7) . Some strains ferment lactate to propionate, acetate, and C02 (3, 7) , and some produce traces of H2 from glucose, lactate, or glycerol (8) .
Physiological evidence suggests that H2 is produced by S. ruminantium by oxidation of reduced pyridine nucleotides (8) . Accumulation of H2 appears to inhibit the reaction (11) . Formation of H2 is substantially increased when H2-producing strains of S. ruminantium are cocultured with methanogenic bacteria that use H2 to reduce C02 to CH4 (8) . Methane is produced in amounts that are significantly greater than the amount predicted from the H2 produced by S. ruminantium alone.
It would be expected that as H2 production is increased in cultures with methanogenic bacteria, electron sink fermentation products of S. ruminantium, i.e., lactate and propionate, would decrease because reduced pyridine nucleotide necessary for formation of these products from pyruvate would be used to produce H2. Although previous studies showed that CH4 formed by methanogenic bacteria increased H2 formation by S. ruminantium HD4 by approximately 50-fold (8) , the absolute amount of H2 was small compared to the amount of substrate fermented.
It was difficult, therefore, to detect small changes in other fermentation products. The present report describes methods for further increasing H2 production by S. ruminantium during coculture with Methanobacterium ruminantium. These methods permit the detection of significant differences in fermentation products forned by S. ruminantium from glucose or lactate in the absence and presence of the methanogen. The analyses of these fermentations are included in this report.
MATERIALS AND METHODS
Organisms and growth conditions. S. ruminantium HD4 and M. ruminantium PS were obtained from the culture collection of the Department of Dairy Science, University of Illinois. The Hungate technique as modified by Miller and Wolin (5) was used for preparation of media and cultivation. Except for routine transfers of M. ruminantium, the bacteria were grown in a 10-ml serum bottle containing 5 ml of a medium (SM) that contained, per liter: glucose or sodium lactate, 5.0 g; Trypticase (BBL), 5 .0 g; yeast extract (Difco), 2.0 g; K2HPO4, KH2PO4, and (NH4)2SO4, 0.24 g each; Na2CO3, 4.0 g; NaCl, 0.48 g; MgSO4 7H20, 0.1 g; CaCl2 2H20, 0.06 g; resazurin, 1.0 mg; cysteine * HC1 H20, 0.5 g; dithioerythritol, 15.4 mg; n-butyric acid, 0.58 ml; and isobutyric, 2-methylbutyric, n-valeric, and isovaleric acids, 0.1 ml each. The pH was adjusted to 7.0 with NaOH prior to gassing with 100% C02 and the addition of Na2CO3. The lactate-containing medium was supplemented with 10 For gas production and fermentation studies, 0.1 ml of a 16-to 24-h culture of S. ruminantium in SMglucose was used as an inoculum. The methanogen was added (0.1 ml) from a 5-to 10-day culture in Ml medium. Several experiments involved growth of S. ruminantium or mixed cultures of M. ruminantium and the selenomonad in SM media that contained pregrown M. ruminantium. Pregrowth was accomplished by adding 0.1 ml of the methanogen from the Ml medium to SM medium followed by replacement of CO2 by an HrCO2 (50:50) mixture under a pressure of 2 atm and incubation for 72 h. S. ruminantium was added as described above, and sequential transfers were made into media with pregrown M. ruminantium with 0.1 ml of the mixed S. ruminantium-M. ruminantium culture. All gas production and fermentation studies were carried out on duplicate cultures. In some experiments, a 10-ml syringe with a 1.5-inch (ca. 3.8-cm), 22-gauge needle was aseptically inserted through the septum. Gases produced were collected in the syringe and permitted the bacterial fermentation to proceed at atmospheric pressure (5) . All incubations were at 37°C.
Analytical procedures. For determination of methane and hydrogen, a 1-ml syringe fitted with a 0.5-inch (ca. 1.3-cm), 22-gauge needle was inserted through the septum and pumped at least five times before removing 0.5 ml of gas for analysis. For those cultures equipped with a synnge, the gas in the synnge was pumped back into the growth vessel several times before measuring the gas volume and removal of 0.5 ml for analysis. The changes in fermentation products observed when the selenomonad is cultured with the methanogen are consistent with the hypothesis that H2 is produced by S. ruminantium by oxidation of reduced pyridine nucleotides (PNH) and that H2 inhibits its own production from PNH. The oxidation of PNH necessary to sustain glycolysis results in the formation of mainly lactate or propionate as electron sink products with glucose-grown (Fig. 1) or lactategrown (Fig. 2) 
